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Fig. 2.1 Communication between human and a robot on Nakata’s experiment.
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Table 2.1 Robotic researches for human impressions
中田ら，柴田と猪岡，笹原ら，Kulic and
Nakata et. al, Shibata et. al, Breazeal et. al, Takanishi et. al, 
Kozima et. al, Kobayashi et. al, 小林ら, Mutlu et. al,  
Yonezawa, Yamazaki et. al, 山岡ら， Yamamoto et.al, 






























































































































dt                                                  (3.1)
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  < t + c
2
c = (sampling f req:)  (time duration)
????an?bn ??????? n???????????????????????
??????????i? j????????ai?b j ????? ri j ??????????
???????????? fai;    ; ai+c 1g?fb j;    ; b j+c 1g ???????Fig. 3.1 ??
?3.2????? ai ? b j ???????? ri j ???????????????????
??sampling freq.?? 60Hz?????????????time duration?? 10????
??ri j ???? i? j??????????????????????????6i?0.1
??? 60 j?1????? ri j ???????????????????????????
????????? 150[sec]??? 10[sec]  t < 110[sec]????
??????????? ri j ?????? ????????t ??????????
???????????????????????????????????????
????????????????????????????????????????
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c: time duration
Correlations are calculated
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Table 3.1 Adjective pairs for each factor in five-factor model
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IR -reflect markerIR-reflect marker
Participant A Participant B
IR-reflect marker
Participant B Robot




?? 1?? 2???????? Fig. 3.2??????????????????? 1?
?? 2?????????????????????????????????????
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????????????? Fig. 5 (b)???????????????????
??????????? Fig. 5 (c)????
3. ?????????????????????????????????????
?????????????Fig. 5 (b)???????????????????


















8. ?????????????? (?? 2??)
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Table 3.2 Conditions on experiment 1.
Name Explanation Figure











3.2.3 ?? 1: ??????????????????????????
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?? 1???
???? Table 3.2??? 3???????????????????????????
??????????????? 26???? 14???? 12???????????
????????????????26????? 11???? 6???? 5?????
??????????????????????????????? 15???????
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: p < 0.05*
1400




?????????????????????? (F(2; 20) = 5:284; p = 0:014)????
LSD?????????????????????????????????????




Fig. 3.6(a)????????? 1???????????????????Fig. 3.6(b)
? Fig. 3.6(a)???????????????????????????? 12????
?????Fig. 3.6(b) ?????????????????? 13 ???????? 13
????????????????????????? Fig. 3.7????
??????????????????????????? 10??????????
????????? 13?????????? 130?? 100?????????????
1????? t???????????p < 0:05??????????????? 10?











































(a) Correlation matrix (b) Average correlation coecient vector
Fig. 3.6 Correlation matrix and Average correlation coecient vector.
????????????????????????????????????????






11 ???????????? 11 ?? 100 ???????? 1 ????? t ???? 0
????????????????0.2??? 1.3???????????p < 0:05??
???????Fig. 3.8??
3.2.4 ?? 2: ??????????????????????????
????
?? 2???
???? Table 3.3??? 4??????????????????????????
??????
??????????????? 23???? 12???? 11?????????? 4






















Fig. 3.7 Congruence under Human.









?????????????????????????F(3; 66) = 5:33; p = 0:0024?. ?
???LSD???????????????????????????????????
?????????????????????????????????p = 0:018; p =
0:0033; p = 9:9  10 4??


























????????????? 10 ????????????????????23 ??
????????? 230 ?? 100 ????????????? 1 ????? t ??
?????????p < 0:05 ??????????????? 10 ????????
?????????????????????????????????????
?????  2:1 ? (S D = 1:2)    1:3 ? (S D = 0:26)???????????
 0:63? (S D = 0:45)    1:8? (S D = 0:73)???????????p < 0:05???
???????????????????????????????????????
????  = 0???????????????t(18) = 3:54; p = 2:3  10 3??????
????????????????????????t(11:2) = 1:94; p = 0:078??????
????????????????????????????????????????
???????????????????????????????????????
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?????????F(1:90; 41:7) = 7:38; p = 0:0021?F(1:81; 40:3) = 4:86; p = 0:015?
F(3; 66) = 5:43; p = 0:0021?F(3; 66) = 17:0; p = 1:7  10 8??????????????
???? LSD?????????????????????????????????
?????????????????????????F(2:11; 46:5) = 2:01; p = 0:132??
Bonferroni ??????????????????????????????????
??? Fig. 3.11?????






























Supp. sta. Supp. hum. Pend. sta. Pend. hum.














































(a) Supp. hum. (b) Pend. hum.
































E A I N C
:     p < 0.05
: p < 0.01

















Average score of dierent impressions. E: Extroversion, A: Agreeableness, I:


























































































Pend. hum. → Supp. sta.









(a) Trajectory length under
Supp. sta. and Pend. hum.








Supp. sta. Pend. hum.















(c) Impression of extroversion under Supp. sta. and Pend. hum.
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Angle of wheel 
rotation











T =  Kp(˙   ˙des:)   Ki
Z
(˙   ˙des:)dt   Kd d(
˙   ˙des:)
dt
  Ka ˙   Kb
Z
( ˙ + ˙comp: + Kl ˙des:)dt                                    (4.1)
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Table 4.1 Variables of Wheeled-inverted-pendulum model
φ the inclination angle of the body Kp gains for wheel control (  )
θ the angle of wheel rotation Ki gains for wheel control (  )
T torque for wheels Kd gains for wheel control ( )
φcomp.
the compensation angle of the 
center of gravity
Kl
the gain that correlates to desired 
velocity with posture control
θdes. the desired velocity of the wheels M the mass of the body
Ka gains for posture control (  )
Kb gains for posture control (  )
αd











Tdt                                                           (4.2)
Fig. 4.2????????????????????????????? Kp?Ki ??
???????????????????????????????? 4.2??????
Kd ??????????????????????????????????????
? comp: ????Fig. 4.2?????????? Ka, Kb???????????????
????????? Kl ???????????????????????????
????Fig.4.2???????????? Kp ? Ki ???????????????
? 4???????????????? 4???????????????? 4???
?????Robovie-IV?????????????????????????????
????????? 4.1?????????????????????????????
???????? Kp ? Ki ???????????????????????????
???????????????????????????????? 4???????
????
Kp ? ˙des: ? ˙????????????????4.1???????????????
???????????????????????????????????????











































Fig. 4.2 Wheeled-inverted-pendulum block diagram






???? (a)Kp(large); Ki(large) (???(a)???)
PID ??????????Kp ? Ki ????????????????????
????????????????????? Fig. 4.3 (a)??????????
?????????????????????????????????????
??????????????
???? (b)Kp(large); Ki(small) (???(b)???)
?????????????????????Kp ? (a)?????Ki ? (a)? 3
?? 1???????????Fig. 4.3 (b)?????????????????
?????????????????????????????????????
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(a)Kp(large); Ki(large) (b)Kp(large); Ki(small)
(Group A)





































(c)Kp(small); Ki(large) (d)Kp(small); Ki(small)
(Group B)
Fig. 4.3
Time series data of robot’s position for each reactive behavior when a subject
pushes the robot
???
???? (c)Kp(small); Ki(large) (???(c)???)




???? (d)Kp(small); Ki(small) (???(d)???)
????????Kp ? (a)? 2?? 1?Ki ? (a)? 3?? 1?????????
??Fig. 4.3 (d)?????????????????????????????
?????????????????????????????????





??????????? 10?? 20?? 26???? 16???? 10????????
??13???? 2?????Group A?B???????Group A??????????





































(c)Kp(small); Ki(large) (d)Kp(small); Ki(small)
(Group A)
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4.2.2 ????
Kp ???? Ki ?????????? 4????????????????????
???????????????????????????????????????
? U?????????????????????? Fig. 4.5?4.6?????????
Kp ????????? (a)Kp(large); Ki(large)? (b)Kp(large); Ki(small)???????
? Kp(large)?Kp ????????? (c)Kp(small); Ki(large) ? (d)Kp(small); Ki(small)
???????? Kp(small) ?????????????????????????
????????????? U ??????????????Ki ????????
? (a)Kp(large); Ki(large) ? (c)Kp(small); Ki(large) ???????? Ki(large)?Ki ?
???????? (b)Kp(large); Ki(small) ? (d)Kp(small); Ki(small) ????????
Ki(small)???????????????????????????????????
????????????????
????? Kp ? Ki ?????????????????????????????
????????????????????????????????Fig. 4.5?4.6??
????????? Ki ????Kp ???????????????????????
????????????????????????????????????????
Ki ? Kp ????????? 2??????????????????????????
?????????????????????????????????? ;+???




???????????????? (p < 0:05) ????????? Kp ????
??Ki ?????????????????????????????
?????
Ki(large)? Ki(small)?Kp(large)? Kp(small)?????Ki ?????????
???????????????Kp ??????????????????? U
????????????Ki(large)?Ki(small)?????? (p < 0:01)?Kp(large)?






















(a) Kp (large), Ki (large)
(b) Kp (large), Ki (small)
(c) Kp (small), Ki (large)
(d) Kp (small), Ki (small)

































Ki (large) Ki (small)
* : p<0.05*
Fig. 4.5
Average score of extroversion. There was a significant dierence in the main
eect between Ki(large) and Ki(small) (p = 0:030).
Kp(small)??????? (p < 0:1)????????? Kp ??????Ki ??







???Kp(small)?Kp(small) ??????????????????????? 2 ??
??????? ?????????????????? 200mm???? ????
? (Fig. 4.7)?



























































































Kp (large) Kp (small)
+
Fig. 4.6
Average score of neuroticism. There are significant dierences in the main eect





????????? 3D???????????????Vicon MotionSystems, VICON
612??????????????????????????????????? 60Hz
???????? 1mm????
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????????????????????????Ki(large) ? Ki(small) ?







? 10 ????????????????????????? (Fig .4.3#2)???
??Ki(large)????????????? Ki(small)?????????? (Fig.
4.9)????Kp(small) ???????????????????? Kp(large) ?
????????? (p = 2:04  10 7?p = 4:87  10 4)?
 ????
????????????????????????????????????




















































Fig. 4.8 Advancing velocity
?????????????????????? 20%????????????
???? (Fig. 4.3#1)??? (b)? (d)????????????????????
????? 20%?????????????????????????????
?????????????????????????????????????
? (Fig. 4.10?F(3; 51) = 26:64; p = 2:72  10 10)?
????Ki?Kp ?????????????????????????????



























































































































































































(b) ? (d) ????????????????????????(b) ?????????
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 y = - 0.0078*x + 6.5
Agreeableness
Fig. 4.12 Correlation coecient between receding velocity of (b) and the impression.








 y = 0.0096*x + 0.94








 y = 0.011*x + 0.36
Extroversion Agreeableness
Fig. 4.13 Correlation coecient between receding velocity of (d) and impressions.
????????-?????(Fig. 4.12, r =  0:60; p = 0:030)?????????- ??
???(r =  0:52; p = 0:068)?(d)?????????????????-???????
??(Fig. 4.13, r = 0:55; p = 0:051, r = 0:66; p = 0:015)?????????-??????
???(r = 0:58; p = 0:039, r = 0:58; p = 0:039)??????????????-?????
(r =  0:62; p = 0:025)???????????-?????(r =  0:56; p = 0:047)????
???????????
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4.3 ??
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